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Local gravity measurement with the combination of atom interferometry and Bloch
oscillations
Rene´e Charrie`re, Malo Cadoret,∗ Nassim Zahzam, Yannick Bidel,† and Alexandre Bresson
ONERA, BP 80100, 91123 Palaiseau Cedex, France
We present a local measurement of gravity combining Bloch oscillations and atom interferometry.
With a falling distance of 0.8 mm, we achieve a sensitivity of 2 × 10−7 g with an integration time
of 300 s. No bias associated with the Bloch oscillations has been measured. A contrast decay with
Bloch oscillations has been observed and attributed to the spatial quality of the laser beams. A
simple experimental configuration has been adopted where a single retro-reflected laser beam is
performing atoms launch, stimulated Raman transitions and Bloch oscillations. The combination of
Bloch oscillations and atom interferometry can thus be realized with an apparatus no more complex
than a standard atomic gravimeter.
I. INTRODUCTION
Gravimeters based on atom interferometry have
shown impressive results with record sensitivity (∼
10−8 gHz−1/2) [1, 2] and accuracy (∼ 10−9 g) [3, 4].
However, a falling distance of at least ∼ 7 cm is re-
quired to reach those performances preventing them from
being miniaturized and making local gravity measure-
ment. Atomic gravimeters based on Bloch oscillations
[5, 6] can measure gravity with an interaction distance of
few micrometers but the performances are reduced com-
pared to gravimeters based on atom interferometry. The
best Bloch oscillations gravimeter reaches an accuracy of
∼ 10−7 g and a sensitivity of ∼ 10−7 g with a measure-
ment time of one hour [6].
In this article, we present an atom gravimeter com-
bining atom interferometry and Bloch oscillations. This
scheme allows to associate the sensitivity provided by
atom interferometry and the locality provided by Bloch
oscillations.
The combination of Bloch oscillations and atom inter-
ferometry has already been demonstrated in order to ob-
tain large momentum transfer atomic beam splitter [7, 8].
The use of optical lattices as waveguide and beam splitter
for atom interferometry has also been studied theoreti-
cally [9]. In those works, the two arms of the atomic
interferometer are guided by different lattices in which
Bloch oscillations occur. The combination of Bloch os-
cillations and atom interferometry has also been demon-
strated in the frame of the fine structure constant mea-
surement [10]. In this experiment, a Ramsey-Borde´ inter-
ferometer is used. It is characterized by the fact that the
two arms are in the same quantum state in the middle
of the interferometer. Thus, only one lattice is needed to
guide the atoms in the central part of the interferometer.
In this article, we will adapt this previous combination
of Bloch oscillations and Ramsey-Borde´ atom interfer-
ometer for gravity measurements. In the first part, we
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will present the configuration which we have chosen to
combine atom interferometry and Bloch oscillations. We
will provide also the expression of the phase of the inter-
ferometer. Our experimental set-up will be described in
the second part. Then, we will present the gravity mea-
surements. Finally, we will analyze the impact of Bloch
oscillations on the contrast of the interference fringes and
on the bias concerning gravity measurements.
II. GRAVIMETER SCHEME COMBINING
ATOM INTERFEROMETRY AND BLOCH
OSCILLATIONS
We use a Ramsey-Borde´ atom interferometer [11] com-
posed of four π/2 Raman laser pulses separated by the
times T, T’ and T (see figure 1). The Raman laser drives
a transition between the internal state |a〉 with a mo-
mentum p and the internal state |b〉 with a momentum
p+~keff where keff is the effective wave vector associated
with the Raman laser. A pushing beam at resonance with
the atoms in the state |a〉 is applied in the middle of the
interferometer. After this step, only atoms in the state
|b〉 remain in the interferometer. If the two photons de-
tuning of the Raman laser is small compare to the Rabi
frequency, one can show that the probability to be in the
state |a〉 at the end of the interferometer is :
Pa =
1
2
+
1
4
cos(Φ) (1)
where the phase of the interferometer Φ is equal to :
Φ = (keffg − α)T (T + T
′) (2)
where α is the radio frequency chirp applied to the Ra-
man laser which compensates the Doppler effect due to
gravity acceleration g. In this expression, the sign con-
ventions are: keff > 0 when keff is downward and g > 0.
In order to gain sensitivity without increasing the
falling distance, the atoms are placed in a laser standing
wave between the two pairs of π/2 pulses. The stand-
ing wave is produced by two counterpropagating laser
beams. If one neglects spontaneous emission, the atoms
interact with the process of photon absorption from one
2beam and stimulated emission into the other beam. The
result is a change of momentum of the atoms of 2~k
where k is the wave vector of the laser. This process
is resonant when the velocity of the atoms relative to
the lattice is equal to plus or minus the recoil velocity
vrec = ~k/m. Under gravity, the velocity of the atoms
decreases until −vrec when the atoms become in reso-
nance with the two photons transition. At this point,
an adiabatic transition occurs and the velocity of the
atoms increases by 2vrec. This process repeats itself ev-
ery TB = 2vrec/g which is called the Bloch period. This
phenomenon where the atom velocity oscillates between
−vrec and vrec by exchanging photons every TB with the
laser is called Bloch oscillation. This process can be very
efficient, 20 000 Bloch oscillations have been experimen-
tally demonstrated [12]. Moreover, the variation of atom
velocity which occurs after N Bloch oscillations is per-
fectly known and is equal to 2Nvrec.
In the middle of the interferometer, the atoms interact
with the Bloch laser beams during a time N TB. Af-
ter this interaction, the velocity change compared to free
falling atoms is equal to 2N vrec leading to an additional
phase shift on the interferometer of −keff2NvrecT . A
frequency jump of ∆ω ≃ −keff2Nvrec is applied to the
Raman frequency in order to keep the Raman laser at
resonance with the atoms after the change of velocity
produced by the Bloch oscillations. Finally, one obtains
for the phase of the interferometer including Bloch oscil-
lations :
φ = (keffg − α)T (T + T
′)− (keff2Nvrec +∆ω)T (3)
The additional phase shift caused by Bloch oscillations
is well known because it depends on the laser wavelength
and can be canceled experimentally by applying the ap-
propriate frequency jump on the Raman frequency.
In the configuration in which the atoms are launched
and then oscillate in a fixed optical lattice (see figure 1),
one can increase the scaling factor of the interferometer
by increasing T ′ without increasing the falling distance.
It is therefore possible to have a gravimeter with a scaling
factor not limited by the vertical size of the instrument.
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FIG. 1. Gravimeter scheme combining Ramsey-Borde´ inter-
ferometer and Bloch oscillations.
III. EXPERIMENTAL APPARATUS
In this part, the whole experimental apparatus is de-
scribed: the laser source used to manipulate rubidium
87 atoms, the source of cold atom and finally the exper-
imental procedure which combines atom interferometer
and Bloch oscillations.
A. Laser sources
The laser for trapping, cooling, detecting and pushing
the atoms is realized with the frequency doubled fiber
bench at 1560 nm described in reference [13].
The Raman and Bloch laser are coming out from the
same laser source and are also obtained by frequency
doubling a fiber bench laser at 1560 nm (see figure 2).
A distributed feedback (DFB) laser diode at 1560 nm is
amplified in a 5 W erbium doped fiber amplifier (EDFA).
Then, the amplified laser is frequency doubled in a pe-
riodically poled lithium niobate crystal (PPLN) used in
a triple pass geometry. The laser is directed through an
acousto-optic modulator (AOM) which controls the in-
tensity of the laser light. The laser beam interacts with
the atoms with a waist of 4.5 mm, a circular polarization
and a maximum power of 0.2 W. The beam has been col-
limated with a doublet corrected from abberations. The
laser beam is retro-reflected by a mirror placed on a vi-
bration isolation table.
When one wants to address a stimulated Raman tran-
sition between the states F=1 and F=2, a radio frequency
wave at 6.8 GHz is sent to a fiber phase modulator placed
after the DFB laser diode. This modulation creates side-
bands at 6.8 GHz on the spectrum of the laser. The radio
frequency power is set so that the power ratio at 780 nm
between the first sidebands and the central peak is 0.5.
The measurement of the Bloch/Raman laser wave-
length is obtained by mixing it with a reference laser at
1560 nm locked on a rubidium transition and by acquiring
the beat note with a fast photodiode. The frequency of
the beat note is then measured with a 7 GHz spectrum
analyzer. In order to measure detuning bigger than 7
GHz, a fiber phase modulator fed with a 6.8 GHz radio
frequency wave is inserted on the Raman/Bloch laser.
Then, the frequency of the beat note between the refer-
ence laser and one of the sidebands of the Bloch/Raman
laser is measured. The frequency of the Bloch laser is
then given by νref +2νbeat+2n×6.8GHz+νAOM where
νref is the frequency of the reference laser at 780 nm,
νbeat is the frequency of the beat note, n is the order
of the sideband which participates to the beat note and
νAOM is the frequency of the acousto-optic modulator.
With this technique, one can measure the absolute fre-
quency of the Bloch/Raman laser over a large range of
detuning (0-60 GHz) and with an accuracy of about 1
MHz, limited by the frequency uncertainty of the refer-
ence laser. In the results presented in this article, the
Bloch/Raman laser is blue-detuned by 58 GHz from the
3F=2 → F’=2 transition.
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FIG. 2. Scheme of the Raman/Bloch laser (PM: phase mod-
ulator, Det: fast photodiode, DFB: DFB laser diode, EDFA:
erbium doped fiber amplifier, AOM: acousto-optic modula-
tor, PPLN: periodically poled lithium niobate crystal, c: fiber
coupler).
B. Source of cold atoms and launch with Bloch
oscillations
The source of cold atoms is a magneto-optical trap of
rubidium 87 loaded from a background vapor. The atoms
are then further cooled down in an optical molasses to a
measured temperature of 1 µK. At the end of the optical
molasses the atoms are in all the sublevels of the state
F=2. A vertical magnetic field of quantification of 60
mG is then applied.
The launch of the atoms is realized with the Bloch
laser. For this, two frequencies separated by ∆ν are ap-
plied to the acousto-optic modulator. In this case, the
Bloch laser is composed mainly of two frequencies sep-
arated by ∆ν. Thus, the retro-reflected Bloch laser is
composed of three standing waves: one fix, one traveling
upward at a velocity of λ∆ν/2 and one traveling down-
ward with the opposite velocity. Depending on their ve-
locity, the atoms which interact with this modulated lat-
tice will be trapped in the fix, the moving upward or
moving downward lattice. In order to realize the launch
of the atoms, the modulated lattice is applied just after
the molasses during 9 ms. The frequency ∆ν is ramped
from 35 kHz to 312 kHz in 9 ms. After, the lattice is
turn off adiabatically in 0.3 ms. The time of flight sig-
nal obtained after this launch procedure is represented on
figure 3. We observe clearly three peaks corresponding to
atoms trapped in the three different lattices. With this
technique, 9.4% of the atoms are launched at a velocity
of 0.12 m/s. The velocity width of the launched atoms is
equal to 2vrec given by the width of the first band of the
lattice. For the used lattice depth, only atoms from the
first band are trapped.
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FIG. 3. Launch of the atoms with the Bloch laser. Up:
Temporal characteristics of the moving optical lattice during
the launch. Down: Fluorescence of the atomic cloud pass-
ing through a 0.5 mm light sheet situated 32 cm below the
magneto-optical trap.
C. Ramsey-Borde´ interferometer and Bloch
oscillations
After the launch, we apply two π/2 Raman pulses
which drive a Raman transition from the state |a〉 =
|F = 2,mF = 0〉 to the state |b〉 = |F = 1,mF = 0〉. The
pulses are separated by the time T and have a duration
of 30 µs. Then, we send a vertical pushing beam which
blows the atoms remaining in the F = 2 state and thus
selects the atoms in the state |F = 1,mF = 0〉.
When the atoms reach the top of their trajectory, the
Bloch laser is turned on adiabatically in 200 µs. The
power of the Bloch laser is set to a point corresponding
to a trade off between the losses coming from spontaneous
emission which increase with the power and the Landau-
Zener losses [14] which decrease with the power. This
corresponds to a lattice depth U0 of approximately two
recoil energy U0 ∼ 2Erec. For this depth, the atoms are
only trapped in the first band of the lattice. The atoms
in the upper band are not trapped because Landau-Zener
losses are too big. The lattice is turned on for a duration
of NTB during which N Bloch oscillations occur. Our
experimental parameters give TB = 1.20 ms. The Bloch
4laser is then turned off adiabatically in 200 µs. Finally,
two other π/2 Raman pulses of duration 30 µs separated
by a time T are applied. The total duration of our in-
terferometer is equal to 25ms+N TB. During this time,
the atoms are moving over a distance of 0.8 mm.
Finally, we measure the proportion of atoms in the
state F=2 and F=1. This step is performed with three
pulses of a vertical retro-reflected beam of durations of 2
ms, 0.1 ms and 2 ms. The first and the last pulses are
resonant with the F=2→F’=3 transition and the mid-
dle pulse is resonant with the F=1→F’=2 transition and
puts the atoms from the state F=1 to the state F=2.
The fluorescence of the atoms during the first pulse is
proportional to the number of atoms in the state F=2
and the fluorescence collected during the last pulse is
proportional to the total number of atoms.
IV. GRAVITY MEASUREMENT
The proportion of atoms in the state F=2 is measured
for different values of the radio frequency chirp α ap-
plied to the Raman frequency. Each measurement takes
1 second corresponding to our experimental cycle time.
A typical signal is represented on figure 4. The data are
fitted with the function Pm +
C
2 cos((α − α0)T (T + T
′))
where C is the contrast of the fringes and α0 = keffg is
the value of the central fringe giving a measurement of
gravity. The parameters of the fit are Pm, C and α0.
The error bars given in the different results correspond
to the error of the fit.
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FIG. 4. Proportion of atoms in the state F=2 versus the
frequency chirp α applied to the Raman frequency (T=6 ms,
T’=103 ms, 75 Bloch oscillations). The solid line is a fit with
a sinus function. The value of the central fringe given by the
fit is α0 = 25146575 ± 5Hz/s.
We have measured interference fringes for different
number of Bloch oscillations in the lattice. The mea-
surement of the position of the central fringe α0 and the
contrast C of the fringes are reported on figure 5. One
does not note any significant variation of α0 with the
number of Bloch oscillations. We can presume that there
is no bias associated with the insertion of Bloch oscilla-
tions in the interferometer at the level of precision in our
experiment. This point will be discussed in details in
part V.
However, the contrast of the fringes decreases when the
number of Bloch oscillations increase. The decay is well
fitted with an exponential function which has a decay
constant of N0 = 54. This limitation prevents from in-
creasing significantly the sensitivity of the interferometer
with Bloch oscillations because the gain in scale factor
is partially compensated by the contrast drop. The best
sensitivity (statistical uncertainty given by the fit) ob-
tained is ∼ 2× 10−7 g in 300 s with 75 Bloch oscillations
(T’=103 ms) and T=6 ms. Our sensitivity is limited by
our detection noise which is equal to σP2 = 0.014 (rms
value of the noise on the proportion of atoms in the state
F=2). The implementation of a better detection system
[15] should give a better sensitivity with an improvement
of at least 10.
V. BIAS ASSOCIATED WITH THE BLOCH
OSCILLATIONS
The insertion of Bloch oscillations in the interferom-
eter is responsible of additional systematic effects com-
pared to an atom interferometer alone. They come from
the uncertainty of the Raman frequency jump ∆ω and
from the uncertainty of the velocity variation during the
Bloch interaction. An uncertainty on the velocity varia-
tion δv gives an uncertainty on the phase δφ = keffδv T
and thus an uncertainty on the gravity measurement
δg
g =
δv
g(T+T ′) . In this part, the different sources of error
will be examined. All numerical results will be given for
75 Bloch oscillations (T ′ = 103ms) and T = 6ms.
A. Uncertainty of the Raman frequency jump
Using equation 3, one obtains that an uncertainty δω
on the Raman frequency jump gives an uncertainty of
gravity measurement equal to:
δg
g
= −
δω
keffg(T + T ′)
(4)
Our radio frequency chain performs the frequency jump
with an uncertainty of 0.3 Hz, leading to an error on
gravity measurement of 1.1× 10−7 g.
B. Uncertainty on the laser frequency
The uncertainty on the laser frequency δνL leads to
an uncertainty on the recoil velocity and thus an uncer-
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FIG. 5. Value of the central fringe α0 = keffg and contrast
C versus the number of Bloch oscillations (T = 6ms, T ′ =
13ms + N × 1.20ms). Each value has been obtained with a
fit over ∼ 150 measurements. The solid line on the contrast
graph is an exponential fit with a decay constant of N0 = 54.
tainty on the velocity variation during the Bloch interac-
tion δv = δνLνL 2N vrec. One obtains finally an uncertainty
on the gravity measurement equal to :
δg
g
= −
δνL
νL
N TB
(T + T ′)
(5)
In our experiment, the frequency of the Bloch laser is
known with an uncertainty of 10 MHz corresponding to
the natural drift of the laser between the laser frequency
measurement (see III.A) and the gravity measurement.
This gives an error on the gravity measurement equal
to 2.2 × 10−8 g. A lock technique easily implementable
on our setup can reduce the uncertainty on the laser fre-
quency down to 1 MHz and thus gives an error on gravity
of 2.2× 10−9 g.
C. Nonadiabaticity
Landau-Zener losses and nonadiabaticity in turning off
and on the lattice produce atoms with a velocity 2(N +
∆) vrec where ∆ is an integer. These atoms have a phase
shift equal to keff2∆ vrecT which is large compare to 2π
for usual time T used in the experiment. This effect can
thus give an error on the gravity measurement but can
be canceled by choosing a time T multiple of 2pikeff2 vrec .
Experimentally, one did not see any effect by choosing the
appropriate T at the level of accuracy of our experiment.
D. Gouy phase
The laser beam interacting with the atoms is not ex-
actly a plane wave but a gaussian beam. Thus, due to
the Gouy phase, the velocity variation of atoms after the
process of absorption and stimulated emission will be not
exactly 2vrec. For atoms located in the waist of the laser
beam, one obtains a velocity variation of 2vrec(1−
2
k2 w2 )
where w is the waist of the laser beam . This leads to a
bias on the gravity measurement equal to:
δg
g
=
2N TB
k2w2(T + T ′)
(6)
For our experimental parameters, this error is equal to
1.3× 10−9 g.
E. Longitudinal dipolar electric force of the Bloch
beam
The vertical gradient of intensity of the Bloch Beam is
responsible of a force changing the velocity of the atoms
during the Bloch interaction and thus inducing a bias
on the gravity measurement. For a gaussian beam, the
intensity varies longitudinally on the distance scale given
by the Rayleigh distance ZR which is in our case equal
to 82 m. Thus, the order of magnitude of the velocity
variation after the Bloch interaction is equal to:
δv .
U0
mZR
N TB (7)
where m is the atom mass. The error on gravity mea-
surement is given by:
δg
g
.
U0
mZR g
N TB
T + T ′
(8)
For our experimental parameters, one obtains δg . 5.5×
10−8 g. This error is not negligible and if one wants to
reach the level of accuracy of 10−9 g, the position of the
atoms compared to the waist of the Bloch laser should be
known precisely in order to obtain a precise estimation of
the gradient of intensity. It is also possible to eliminate
this systematic effect by noticing that the dipolar force
6source error (×10−9 g)
Raman frequency jump 110
Laser frequency 22
Gouy Phase 1
Dipolar force . 55
Index of refraction 1
TABLE I. Systematic effects coming from the Bloch oscilla-
tions on the gravity measurement.
changes sign with the sign of the laser detuning. Mea-
suring gravity with a positive and a negative detuning of
the Bloch laser should allow to cancel the effect of the
dipolar force.
F. Index of refraction
The rubidium gas coming from the vapor background
and the cold atomic cloud makes the Bloch beams to
propagate in a medium with an index of refraction lead-
ing to a slight modification of the recoil velocity. This
problem is studied in detail in the reference [16]. For
our experimental parameters, the relative effect on the
recoil velocity is approximately equal to 1 × 10−9 which
gives an uncertainty on the gravity measurement equal
to 1× 10−9 g.
G. Conclusion on the systematic effects
The table I gives a summary of the systematic effects
coming from Bloch oscillations implementation. The er-
ror budget gives a total error of 1.2× 10−7 g dominated
by the Raman frequency jump. This point can be solved
easily with a better radio frequency chain. The other
sources of systematic effects show an error around few
10−8 g dominated by the vertical gradient of intensity.
The measurement of gravity versus the number of
Bloch oscillations which indicates no significant depen-
dency with the number of Bloch is compliant with our
error budget.
VI. CONTRAST DECAY ASSOCIATED WITH
THE BLOCH OSCILLATIONS
The insertion of Bloch oscillations in the interferometer
can induce a contrast decay only via a random velocity
variation δv which gives a random phase keff δvT . This
random velocity variation can come from spontaneous
emission or from spatial defaults on the Bloch beams.
One can show that the contrast decay is given by the
Fourier transform of the distribution probability of ve-
locity variation:
C = C0
∫
P (δv)cos(keff δvT ) dδv (9)
where C0 is the contrast without random velocity jump.
The contrast of our interferometer has been measured
versus the time T. The result is plotted on figure 6. The
measurements are well fitted with an exponential decay
of 5.4 ms time constant. Thus, our experimental data
are consistent with a random velocity variation with a
Lorentzian probability distribution of 23µm/s FWHM.
We will now examine what could be the origin of this
random velocity variation.
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FIG. 6. Contrast C versus the time T (75 Bloch oscillations,
T ′ = 115ms− 2T ). The solid line is an exponential fit with a
decay constant of τ = 5.4 ms and an initial contrast value of
0.34.
A. Spontaneous emission
The Bloch beams can interact with the atoms via the
process of spontaneous emission. The atoms absorb a
photon from one of the lattice beams and emit a spon-
taneous photon in a random direction. In this pro-
cess, the velocity of the atoms on the vertical axis can
change randomly between ±2vrec. The velocity width of
the first band where the atoms are trapped is equal to
2vrec. Thus, when a spontaneous emission occurs, ap-
proximately half of the atoms will remain trapped in the
lattice while the others will be lost. The atoms remain-
ing trapped in the lattice will have a random velocity
variation with a probability distribution with a width of
approximately vrec. Finally, in presence of spontaneous
emission, one can show that the contrast will be given
7by:
C
C0
=
1
1 + ζ(eΓsptN TB − 1)
(10)
+
ζ(eΓsptN TB − 1)
1 + ζ(eΓsptN TB − 1)
∫
Pspt(δv)cos(keff δvT ) dδv
where Γspt is the rate of spontaneous emission in the lat-
tice, ζ is the proportion of atoms which remain trapped
in the lattice after a spontaneous emission and Pspt is
the probability distribution of the velocity jumps which
occur after a spontaneous emission and when the atoms
remain trapped in the lattice.
For our experimental parameters (U0 ∼ 2Erec, ∆ =
2π ·58 GHz), the rate of spontaneous emission is equal to
Γspt ∼ 3 s
−1. Thus, the contrast drop is limited to 0.87C0
for 75 Bloch oscillations. The contrast decay versus T
has a width of approximately 1/keffvrec = 11 µs. In our
experiment, the level of contrast drops and the width of
the contrast decay versus T does not correspond to the
characteristic of spontaneous emission. We can conclude
that the contrast decay observed experimentally does not
come from spontaneous emission.
B. Effect of a parasite reflection
Parasite reflections coming from optics on the path
of the Bloch beams can interfere with the main beams
and thus give interference fringes. These fringes produce
a vertical gradient of intensity which leads to a dipolar
force which changes the vertical velocity of the atoms and
thus gives a phase shift on the interferometer depending
on the position of the atoms in the interference fringes.
Thus, parasite reflections can lead to a drop of contrast.
In our experiment, the main reflection comes from the
window of the vacuum chamber which has a reflection
coefficient of ∼ 1% per face. This window has an angle
of 15 mrad compared to the Bloch beams. The fringes
coming from the interference of the Bloch beam and the
parasite reflection have a horizontal period of 2π/kx ∼
50 µm and a vertical period of 2π/kz ∼ 7 mm. The
dipolar force exerted on the atoms by the fringes is equal
to :
F = ǫU0kzsin(kxx+ kzz) (11)
where ǫ is the relative depth of the fringe which is in our
case approximately 7 %.
The horizontal period of the fringes is small compared
to the size of the atomic cloud. Thus, the mean effect
of the fringes will be canceled out and the effect of the
contrast drop will only remain. For 75 Bloch oscillations
(interaction time of 90 ms), one obtains with the force
given in the equation (11) a maximum velocity shift of
196 µm/s. This effect could thus be responsible of the
random velocity variation of 23 µm/s deduced from the
measurement of the contrast versus T.
We can conclude that fringes on the Bloch beams could
explain the contrast decay observed experimentally.
C. Speckle
The laser beam can also be affected by a speckle pat-
tern coming from scattering on optical elements. The
speckle pattern is responsible of a dipolar force on the
atoms depending on their position in the speckle pattern.
Thus, identically to the interference fringes, the speckle
can cause a contrast decay.
We will now give the order of magnitude of this effect
in our experiment. Scattering from the window of the
vacuum chamber which is at a distance of 10 cm from
the atoms gives a speckle pattern on the Bloch beam
with a horizontal correlation distance of Lx ∼ 9 µm and
a vertical correlation distance of Lz ∼ 0.8 mm. The order
of magnitude of the force from the speckle is given by :
F ∼
ǫ.U0
Lz
(12)
where ǫ is the relative amplitude of the speckle pattern.
For an amplitude of the speckle pattern of ǫ = 1% and
75 Bloch oscillations, one obtains a velocity variation of
39 µm/s. The order of magnitude of this effect corre-
sponds to the velocity variation of 23 µm/s deduced from
the curve contrast versus T.
The effect of contrast decay with speckle has been con-
firmed experimentally by the following observations. The
contrast has increased by a factor of two for 75 Bloch os-
cillations and T=6 ms after a careful cleaning of the win-
dow of the vacuum chamber. The insertion of a dusty
window in the Bloch beam makes the contrast to drop to
a level where the fringes can not be observed.
VII. CONCLUSION
In summary, we have presented an experimental
demonstration of an atomic gravimeter combining atom
interferometry and Bloch oscillations. We have de-
veloped a simple experimental setup where one retro-
reflected laser beam coming from a unique laser source
is performing atom launch, stimulated Raman transition
and Bloch oscillations. We reach a sensitivity of 2×10−7g
in 300 seconds within a falling distance of 0.8 mm. We
did not measure any bias coming from the insertion of
Bloch oscillations in the interferometer at our level of sen-
sitivity. Our error budget suggests that the insertion of
Bloch oscillations does not prevent from reaching 10−9g
accuracy level with some improvements on the experi-
mental set-up. Our sensitivity is limited by a contrast
decay of the interference fringes coming from the inser-
tion of Bloch oscillations. This contrast decay can be
attributed to imperfections of the Bloch beams (fringes
and speckle).
With a better beam quality obtainable with tilted win-
dows and better optics, this technique seems very promis-
ing to perform high precision local gravity measurements.
This technique should allow to make local force measure-
ments with high precision in order for example to test
8gravity at small distance [17]. This technique should also
allow to miniaturize atomic gravimeters.
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